ABSTRACT. Riemerella anatipestifer (RA) CH-1, a highly virulent field strain, was isolated and identified by our laboratory. The gldJ gene was conserved in RA, and it had a typical TATA promoter region and AU-rich sequence within the 5' untranslated region. The GldJ protein was an outer-membrane lipoprotein with a signal peptide cleavage site between amino acids 20 and 21. GldJ was also a member of proteins involved in gliding motility. The RA GldJ protein had 16 phosphorylation sites and 4 N-glycosylation sites. These functional sites played an important role in the posttranslational modification of the GldJ protein. In addition, the GldJ protein of RA CH-1 had strong immunogenicity. Fifteen B-cell epitopes were identified in the GldJ protein, which might be a good biological material for the development of a subunit vaccine and diagnostic reagents. The GldJ protein also had the activity of formylglycine-generating sulfatase enzyme. The 3-dimensional structure models of GldJ were constructed based on 2 templates using the SwissModel automatic modeling mode in the SWISS-MODEL workplace. Here, we characterized the RA gldJ gene and GldJ protein to contribute to the functional annotation for the GldJ protein.
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INTRODUCTION
Riemerella anatipestifer (RA) is a non-spore-forming, rod-shaped, and atrichous gram-negative bacterium belonging to the Flavobacteriaceae family (Subramaniam et al., 1997) . It can cause a contagious disease in domestic ducks, geese, turkeys, and various other domestic and wild birds (Sarver et al, 2005; Rubbenstroth et al., 2009; Li et al., 2011) . RA can cause large economic losses in the duck industry throughout the world. To date, more than 21 serovars have been identified (Pathanasophon et al., 2002) . Unfortunately, no crossprotection has been observed with inactivated bacterins made from different serotypes of RA. Therefore, there are no effective inactivated bacterins for controlling the disease, and chemotherapy is currently a very important method in the treatment of ducks infected with RA (Chang et al., 2003) . However, the application of antibiotics accelerates the emergence of drug-resistant strains of RA. Some resistant RA isolates have been reported whose aminoglycoside resistance genes, florfenicol resistance genes, and gene cassettes containing integrons also have been identified and investigated (Zhong et al., 2009; Chen et al., 2010; Sun et al., 2012) .
Antibiotic therapy is not the best treatment in the long run. Some conserved immunogenic outer-membrane proteins have been identified in RA, including OmpA (Subramaniam et al., 2000) , chaperonin GroEL (Han et al., 2012) , and TonB-dependent outer-membrane receptor , which have good immunogenicity and are cross-immunogenic antigens in some different serotypes of RA. These proteins may be appropriate for developing novel vaccine candidates and serological diagnosis markers. China has the largest duck population over the world, and the economic losses of the duck industry that are caused by RA are serious in China.
Therefore, there is an urgent need to study the biological characteristics of these pathogens. The complete genome sequence of RA CH-1 was first determined by our laboratory . The structures and functions of hypothetical proteins of RA CH-1 need to be annotated. In most genome sequences, a large portion of unknown biochemical, biophysical, and functional hypothetical proteins exist. Structural genomics may be a viable approach to understand the biochemical function of hypothetical proteins. The functional annotations of hypothetical proteins are important in the process of illustrating the biological characteristics of RA. We can preliminarily annotate the function of the hypothetical proteins in silico and confirm the function of the hypothetical proteins by experimental evidence later. In this paper, we use bioinformatic tools to predict the function of the hypothetical protein GldJ of RA CH-1. Doing this, we can lay a foundation for the experimental study of the GldJ protein from RA.
MATERIAL AND METHODS

Genetic characteristics of the gldJ gene
The gldJ gene (GeneID: 13716554) of RA CH-1 was a hypothetical gene, which had not been described and annotated. The nucleotide sequence of the gldJ gene was submitted to the National Center for Biotechnology Information (NCBI) for open reading frame (ORF) finder and nucleotide basic local alignment search tool (BLASTN) analysis. Looking through the nucleotide sequence upstream of the initial codon of the gldJ gene, it was observed whether the TATA promoter region and Shine-Dalgarno (SD) sequence we present. The SD sequence, typically AGGAGG, is located approximately 10 nucleotides upstream of the initiator codon. In prokaryotes, the SD sequence in an mRNA is well known as the initiator element of translation.
Codon usage analyses of the gldJ gene
In order to investigate the pattern of codon usage in the gldJ gene of RA CH-1, the relative synonymous codon usage (RSCU) (Zhou et al., 2010) values of each codon were calculated. RSCU is the number observed of codon occurrences divided by the number expected when synonymous codons are used randomly and equally. If the RSCU value is close to 1.0, it indicates a lack of bias.
In order to know which system is suitable to express the RA gldJ gene efficiently, the ratio of gldJ codon usage frequency in RA to the complete genomes of Escherichia coli (E. coli), yeast, and human were calculated. The codon usage frequency (1/1000) of gldJ was calculated with the EMBOSS CUSP program. A ratio higher than 2 or lower than 0.5 indicates that the codon usage preference differs. The database of the codon usage in E. coli, yeast, and human is available at http://www.kazusa.or.jp/codon. Correlation analysis was used to identify the relationship between the codon usage bias and synonymous codon usage pattern. This analysis was conducted based on Spearman's rank correlation analysis. Statistical analysis was carried out using the statistical analysis software SPSS Version 19.0.
Prediction of phosphorylation and glycosylation sites of the GldJ protein
Phosphorylation sites of GldJ (GenBank accession No. YP_006724515.1) were predicted by NetPhosBac 1.0 Server. NetPhosBac 1.0 is a predictor of serine/threonine phosphorylation sites in bacterial proteins (Miller et al., 2009) . N-glycosylation and O-glycosylation sites of the GldJ protein were predicted by NetNGlyc 1.0 Server and NetOGlyc 3.1 Server, respectively. These programs all use a threshold value of 0.5 to indicate potential phosphorylation and glycosylation sites. using the Chou-Fasman method, Kyte-Doolittle method, Karplus-Schulz method, JamesonWolf method, and Emini method, respectively. B-cell epitopes have good hydrophilicity, good flexibility, high antigenic index, and good surface probability. However, B-cell epitopes are not located in the alpha-helix and beta-sheet regions .
BLAST-based search and conserved domains search
The GldJ protein was searched with protein BLAST (BLASTP) against the non-redundant protein sequences database. CD-Search is a bioinformatic tool that can search the conserved domains of proteins in the NCBI database. To find the conserved domains and annotate the functional units of the hypothetical protein, the hypothetical protein was searched against the conserved domain database.
Physicochemical characterization of the GldJ protein
The ProtParam procedure in ExPASy was used to analyze physical and chemical properties of the hypothetical protein. The molecular weight, theoretical isoelectric point, extinction coefficient, instability index, and half-life were predicted. The percent chance of insolubility when expressed in E. coli was predicted using the recombinant protein solubility prediction of the University of Oklahoma.
Structure and subcellular localization prediction of the GldJ protein
The secondary structure of the hypothetical protein was analyzed by using SOPMA. The 3-dimensional structure model of the hypothetical protein was constructed using the SwissModel automatic modeling mode in the SWISS-MODEL workplace. The subcellular localization of the hypothetical protein was predicted by the PSLpred program, which has an accuracy of 91.2% for predicting the subcellular localization of gram-negative bacterial proteins (Bhasin et al., 2005) .
Transmembrane and signal peptide domains prediction of the GldJ protein
The transmembrane domains of the GldJ protein were predicted using the TM-HMM 2.0 program. The program adopts the hidden Markov model, and the predicting accuracy is high (Möller et al., 2001 ). The LipoP 1.0 Server is used to predict lipoproteins and signal peptides in gram-negative bacteria (Juncker et al., 2003) . Here, we used the LipoP 1.0 Server to predict whether the GldJ protein was a lipoprotein with a signal peptide.
RESULTS
Genetic characteristics of the gldJ gene
The nucleotide sequence of the gldJ gene of RA CH-1 was a complete ORF. By BLASTN analysis, we found that the gldJ ORF had 100% query coverage and 100% identities with the gldJ gene in RA ATCC 11845 and RA RA-GD. The TATA promoter region was found 5-8 nucleotides upstream of the initial codon of the gldJ gene. The mRNA of the gldJ gene did not possess the SD sequence. However, an AU-rich sequence, 5'-UUUAAAUUUU AAUAAAA-3' (forward), was found in the mRNA 18-34 nucleotides upstream of the initiator codon.
Codon usage analyses of the gldJ gene
The RSCU values of codons in the gldJ gene are listed in Table 1 , and 24 codons have high RSCU values. Thirty-one codons show an RA/E. coli ratio that is higher than 2 or lower than 0.50, along with 28 codons in the RA/yeast ratio and 38 codons in the RA/human ratio (Figure 1) . Therefore, the codon usage of the gldJ gene is most closely similar to that of the yeast genome. In addition, the correlations of codon usage among the gldJ gene in RA and the complete genomes of E. coli, yeast, and human are highly significant ( Table 2 ). The gldJ gene can be more efficiently expressed in the 3-expression system. 
Prediction of phosphorylation and glycosylation sites of the GldJ protein
The prediction of generic phosphorylation sites in the GldJ protein was performed using NetPhosBac 1.0 Server. Sixteen possible phosphorylation sites were identified in the GldJ protein, which included 14 serine residues (Figure 2; positions: 8, 15, 32, 123, 151, 169, 196, 244, 318, 446, 481, 484, 487, and 494) and 2 threonine phosphorylation sites (Figure 2 positions: 241 and 458). N-glycosylation and O-glycosylation sites of the GldJ protein were predicted using NetNGlyc 1.0 Server and NetOGlyc 3.1 Server, respectively. There were only 4 N-glycosylation sites (Figure 3; positions: 202, 396, 456, and 482) 
Prediction of B-cell epitopes of the GldJ protein
The alpha-helix and beta-sheet regions, hydrophilicity, flexibility, antigenic index, and surface probability of the GldJ protein are shown in Figure 4 . The GldJ protein had good hydrophilicity and strong antigenicity. There were many flexible regions in the amino acid sequence of the GldJ protein, and few alpha-helix and beta-sheet regions were identified in the GldJ protein. The hydrophilicity and antigenicity index regions shown in Figure 1 revealed that the immunogenicity of GldJ should be very good. B-cell epitopes were screened by comprehensive comparison and might be located at amino acid residues 24-28, 41-46, 86-91, 122-128, 144-151, 181-208, 215-224, 297-302, 311-318, 325-339, 374-378, 385-393, 423-428, 504-514 , and 530-534. 
BLAST-based search and conserved domains search
The GldJ protein was searched with BLASTP against the non-redundant protein sequence database. The identities of the hypothetical protein with RA ATCC 11845, RA RA-GD, and RA RA-YM GldJ protein are 100, 100, and 99%, respectively. In addition, there are many homologous GldJ proteins in other bacteria that have high identity with the GldJ protein of RA CH-1 (identities >40%). The GldJ protein should be a conserved protein in RA. The GldJ protein belongs to the formylglycine-generating sulfatase enzyme (FGE-sulfatase) superfamily. The homologous proteins found in eukaryotes were required for posttranslational sulphatase modification (SUMF1) (Schlotawa et al., 2011) . Moreover, the GldJ protein was involved in the gliding motility of bacteria (Braun and McBride, 2005) .
Physicochemical characterization of the GldJ protein
The GldJ protein of RA CH-1 was composed of 537 amino acids, which included 205 hydrophobic amino acids (38.18%), 185 hydrophilic amino acids (34.45%), 82 basic amino acids (15.27%), and 65 acidic amino acids (12.10%). The molecular weight of the GldJ protein was 61.175 kDa, and the theoretical isoelectric point was 9.31. The estimated half-life of the GldJ protein was 30 h (mammalian reticulocytes, in vitro), more than 20 h (yeast, in vivo) , and more than 10 h (E. coli, in vivo) . Assuming all pairs of cysteine residues formed cystines, the extinction coefficient was 117,815 L·mol -1 ·cm -1 at 280 nm in water. The instability index (II) was computed to be 27.33 (II < 40). Therefore, the properties of the GldJ protein are stable (Guruprasad et al., 1990) . The amino acid sequence had a 93.9% chance of insolubility when expressed in E. coli. When the gldJ gene was expressed in the E. coli system, the expressed GldJ protein would be insoluble.
Structure, transmembrane domains, signal peptide domain, and subcellular localization of the GldJ protein
The GldJ protein had 120 (22.35%) alpha helices (Hh), 108 (20.11%) extended strands (Ee), 30 (5.59%) beta turns (Tt), and 279 (51.96%) random coils (Cc). The distributions of Hh, Ee, Tt, and Cc are shown in the Figure 5 . The 3-dimensional structure models of the GldJ protein were constructed based on the crystal structure of human and Streptomyces coelicolor FGE (Figures 6 and 7, respectively) . Prediction scores of cytoplasm, extracellular, inner-membrane, outer-membrane, and periplasmic location were -1.1192642, -1.6058245, -1.0932696, 0.92141513, and -0.85227888 using PSLpred, respectively. The prediction result of the TMHMM2.0 program revealed that there were no transmembrane domains in the GldJ protein. The prediction result of the LipoP 1.0 Server showed that GldJ was a lipoprotein with a signal peptide cleavage site between amino acids 20 and 21. Thus, the GldJ protein may be an outer-membrane lipoprotein. Figure 6 . Three-dimensional structure mode of RA CH-1 GldJ based on the 2AII_X template of human formylglycine-generating enzyme (FGE). The 3-dimensional structure model was predicted by SWISS-MODEL, which is an automated comparative protein modeling server. 
DISCUSSION
Gliding motility allows some bacteria to glide over surfaces without the aid of flagella. It is an important biological characteristic of bacteria, which is related to biofilm formation and bacterial virulence (Mignot et al., 2007) . The GldJ protein of Flavobacterium johnsoniae is responsible for gliding motility (Braun and McBride, 2005) . The GldJ protein of RA is 43% identical to that of F. johnsoniae. Generally speaking, if two proteins are 25% or more identical, they may have a similar function. The result of the BLASTP analysis showed that RA CH-1 GldJ had high identities with GldJ proteins from other bacteria. GldJ should be conserved in some bacteria that need the GldJ protein to accomplish gliding motility. GldJ may also play an important role in the gliding motility of RA, and it is worth being investigated. Many bacterial GldJ amino acid sequences have been submitted to NCBI. However, the mechanism of gliding motility in many bacteria is not clear. The gldJ gene of RA had an analogous TATA promoter region and an AU-rich sequence within the 5' untranslated region. The TATA promoter region is the binding site of general transcription factors, and it is critical for transcription initiation and veracity (Yang et al., 2007) . The AU-rich sequence can enhance and stabilize mRNA (Komarova et al., 2005) . Moreover, the sequence can be bound by ribosomal protein S1 to instigate translation initiation in the case of mRNA (Komarova et al., 2005; Nakagawa et al., 2010) .
Protein phosphorylation and glycosylation are major regulatory post-translational modifications in bacteria. In bacteria, protein phosphorylation is the most important posttranslational modification on tyrosine, serine, and threonine residues. Protein phosphorylation can control bacterial virulence at the level of gene expression (Jers et al., 2008; Whitmore and Lamont, 2012) , and there is also a definite relation between protein phosphorylation and bacterial pathogenicity (Ge and Shan, 2011) . N-Glycosylation can introduce significant changes in the biological characteristics of a protein, including the localization, activity, solubility, and cell-to-cell interactions (Dall'Olio et al., 2012) . Additionally, the glycosylation of bacterial proteins may serve specific functions in infection and pathogenesis and interfere with inflammatory immune responses (Schmidt et al., 2003) . The phosphorylation and N-glycosylation sites of the GldJ protein have been identified. However, the functional effects of these modification sites on the GldJ protein need to be further investigated.
B-cell epitopes can be categorized into 2 types: linear (continuous) epitopes and conformational (discontinuous) epitopes (Mahdavi et al., 2012) . Although the majority of B-cell epitopes are conformational epitopes, the experimental determination of epitopes has primarily focused on the identification of linear B-cell epitopes (El-Manzalawy and Honavar, 2010) . Therefore, the prediction of linear B-cell epitopes of the GldJ protein may help us develop a vaccine and diagnostic reagents and understand the pathogenesis and immunological action of RA (Tian et al., 2013) .
The GldJ protein of RA CH-1 was likely to participate in the gliding motility of bacterial cells. The instability index (II) was computed to be 27.33 (II < 40), which revealed that the GldJ protein had a stable biological function. However, when expressed in E. coli, GldJ was insoluble. The biological activity of the GldJ protein expressed in E. coli must be influenced. The 3-dimensional structural model of the GldJ protein represents a stable folding conformation. Mutations in gldA, gldB, gldD, gldF, gldG, gldH, gldI , and secDF all resulted in decreased levels of GldJ protein (Braun and McBride, 2005; Nelson and McBride, 2006) . Therefore, the function of GldJ and the interaction of gliding motility proteins will be better understood by studying the 3-dimensional structural model of the GldJ protein. Besides, it can pave the way for generating computer-generated molecular models for proteins whose crystal structures are not available. The prediction of PSLpred showed that GldJ was an outermembrane protein. However, the prediction result of the TMHMM2.0 program revealed that there were no transmembrane domains in the GldJ protein. Nevertheless, the prediction of transmembrane domains is not sufficient to illustrate whether GldJ is an outer-membrane protein. GldA of F. johnsoniae has no obvious transmembrane domains, but cell fractionation followed by Western blot analysis demonstrated its presence in membrane fractions (Hunnicutt et al., 2002) . In addition, the GldJ protein of F. johnsoniae was shown to be an outer-membrane lipoprotein (Braun and McBride, 2005) . Besides, the prediction result of LipoP 1.0 Server revealed that GldJ was a lipoprotein with a signal peptide cleavage site between amino acids 20 and 21. Thus, the GldJ protein of RA should be an outer-membrane lipoprotein.
The GldJ protein of RA had the activity of FGE-sulfatase, which was a member of the FGE-sulfatase superfamily. FGE, which belongs to the oxygen-dependent oxygenases family, is an important modifying factor for maturing cysteine-type sulfatases in eukaryotes (Cosma et al., 2003) . To date, FGE is mainly investigated in eukaryotes. In prokaryotes, the research on FGE is very sparse. FGE can recognize and mature cysteine-type or serine-type sulfatases in bacteria (Marquordt et al., 2003) . In summary, the GldJ protein not only have the enzyme activity of FGE but is also involved in the gliding motility of RA. To better understand the unique enzymatic mechanism and biological function of the GldJ protein, we need to pay more attention to studies of the GldJ protein.
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